
�� ��

���������	
��
Methicillin-resistant

Staphylococcus aureus�
�

����1)�����1)�����1)�����2)

1) ��������� !"�
2) �������	#�$

%
& 17� 3' 22�(
) 
& 17� 10' 3�(�*

�+,-./0��12methicillin-resistant Staphylococcus aureus (MRSA)3) 45�1
6��167+89��:;<3=><�?����@A�BC&12D E�0�A��FG
A�CH�I@J 3K��LM (T-1NT-3)BO��16
�BPQ2D ��12 T-1M3
Mueller�Hinton9��: %M-H9��:* RSK12L��T�3A�C&<?JU) V�M
(T-2, T-3)3<?@/W2D E�0� 3M3MRSAX16�
�B�1) pulse-field gel elec-

trophoresis<PQJX�TYZ[
<) �\>R]�63I@JU clonal@ variant) �@^
G=>_`a[�K (small colony variants; SCVs)<bJEXUcd��2D E�0�MB S.

aureus� Staphylococcus epidermidis, Escherichia coli, Salmonella Enteritidis@eXM-H9
��:<f���JXA�C&1) �gU h0�2D E�EX3E�=>A�MRSA7V�
LM��!�Ji�Rj5k�lm"Bn#�Jo"
Uc��2D T-1M�lmpq (plat-

ing e$ciency)BPQJX) E�M3]r��lmB feeding<?Jo"
Ust��2D T-

2) T-3M3M-H9��:R��
���	
B$u�JXlm12EX/0��	
��

� SCVs<bJXvw0�2D x2) 5yz{	+89��:<� sulfamethoxazole-

trimethoprim|(
U}
Bc12D E�0�~q/0) E�=>A�MRSA3��	
�
&�B����2M<) k���%U�\>X16���@A�/0�&��6�Jo"
U
cd��2D
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� � � �
Staphylococcus aureus 3&'9��:Rj��g
1) +89��:<3(�)@A�BC&�JD 1/
1 ,��
) O�
� S. aureus |�,R]�63�
L*���+,Rj5=>�_`a[BC& %=>_
`a[�K small colony variants; SCVs* �JEX
U-���6�J1, 2)D SCVs3��	
@eB.��
J auxotrophy %��.�
�IM* �
�Bc�E
X7�0�6�J3N7)D x2 S. aureus3�TA�/0

� colony purification B45�167�\>X16
*�R��J|(
�I@JA�B����UbJE
X7j��0�6�J8)D
^�^�3) 1995�R�+,-./0) ��B4

5�167A���?��CHUT�1@�methi-

cillin-resistant S. aureus (MRSA)��IM�!�/
R��6-�129)D E�0�M3 5yz{	+89
��: %+89��:� ���** ;<3�=�A�
C&) fried egg����0�A�) A�1R=A�C
&) x22��3 )R!"�JX�¡T@¢45B
��J@e�(�Bc�D x2_£¤¥[¦6
)
mecA§7�	�@eMRSAX16�
�B�16
�JU) MRSAUT8)R�go"@Mueller�Hin-

ton II9��: %M-H9��:� ��¨©ª
�«¬
­
®
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������������	
�� M-H
����
���
��������������� �����
�� S. aureus� Staphylococcus epidermidis��	
����
����
����� !�
�����
�"�� #�M-H
����$%&�$%'&(�
)�
�*�+���,������-�
�

�����
1. ���	
1995���./012����� dimethyl sul-

foxide (DMSO: Wako) 103�)� brain heart infu-

sion broth 456789 ��:80;������(�
��� <��=.>
���?�� �@��MRSA

��� �*�=A"B!CDE�*�(+��
�
"F�D�
 3� 4T-1G#C*�� T-2G H#C*��
T-3G H#C*�9 (�����I����
$%JKL M&NOP'QR�=� S. aureus

ATCC 25923��@��MRSA((S������
��� T�)�=� S. aureus ATCC 25923,�@��
S. epidermidis, Pseudomonas aeruginosa IID 1117,

Escherichia coli B, Salmonella Enteritidis 116�54,�
@�� Bacillus subtilis, Candida albicans IFO1835

(����
2. 
��
�����
*J�(.>
����U+,-V� 35;� 2.W

53/XYZ�)([�*��'0(\]��� #�
*J�(M-H
���� 12
��� 456789 �
U+,-V� 35;� 3.W^_�)��*�+��3
4(�	��

3. ����
1) `abcdeQR
`abcde�
5=`abcdeJK�fghi

cZj k56l 456789 (��QRm6�[n��
2) Oxacillin (MPIPC: BBL)OP'QR
MPIPC�OP'=7�
89o:�McFarland

0.5��;���>(� 7�<=�Mueller�Hinton

53pq'.>
��� 4M-H.>
���G .>r
st&�uvw&x&9 �,?V�uyZs(@z
35;�{A�)���	��

3) Penicillin-binding protein 2� (PBP 2�)�J|
PBP 2��J|�=� Zc}~c�vsZ�*B��

 
 PBP 2�J|�wvtMRSA-LA �
6� 4u&�

69 (����

4) Pulse-field gel electrophoresis (PFGE)� 

�C���D

�C���D�='d&�ZQ&wvt b�di

1 (Bio-Rad)� PFGEE_�FG CHEF DR II (Bio-

Rad)(���� H��I�= SmaI(I���� ��
=�$'f���j}~J>�KL��V���+S
����M�����

4. �������
Sulfamethoxazole-trimethoprim (ST: BBL)�O
P'QR=M-H.>
���(���MPIPC�$
N�O6������

5. �������� 
M-H
��������� T-2� T-3�(7�
8

9o:�McFarland 0.5 ��;�� ����M-H

���PQ�,?��?�R� 5 mm���(@z�
����� S. aureus, S. epidermidis P. aeruginosa,

E. coli, S. Enteritidis, B. subtilis, C. albicans(,?
���)��� 35;� 3.W�)�� �� ¡�L�

 T-2� T-3����(\]���

6. �	� plating e$ciency

HI
����S�)����( phosphate-

bu#ered saline (PBS)�TU"¢� McFarland 0.5

(1£108 CFU/ml)2� 10V¤¥W(¦!� §¤¥m
2� 0.2 mlB¨( HI
����M-H
����X
©��� 35;� 3.W�)V� ���L�
*�Y(
Zª���

7. !"#$!"%#&'�
$%& (Nakalai)L M$%'& (Nakalai) �«�
'( 3©�O6��	�� $%&�$%'&= 10

mg/ml� DMSO(���J2�� I��¬�n�=
­>( PBS�¤¥������ �R����[\]
¡�= DMSO��®=�,���2n��

1) ��6
M-H
��������� T-2�(M-H
���
PQ�,?�� ��?� 1 cm2��� 4^_9 (@z�
��?� 100 mg/ml�$%&L M$%'&>�
0.1 ml(`��� 35;� 4.W��)V��� a�
*�+�(�	��

2) ¤¥6
M-H��Z (Difco)�$%&� $%'&�����

�)Q&�¤¥W (10, 5, 1, 0.1 mg/ml)(¦!� ��
¤¥well�����¯°[\� 1.0£103 CFU/ml

��
 ±*J�()²�� 35;� 24, 48³W��
)([n�� well�´b�cd !���
�34(
e%���

3) �
µ+
M-H��Z�=$%& (10, 5, 1, 0.1 mg/ml)� $%

'& (10, 1, 0.5, 0.1 mg/ml)(�)��� (S���=
T-2����¶5� HI��Z 4.:f&9 (����

.>�@#
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���������	
��
�� 35������ 1

����� Klett��� (Summerson)���� 660

nm���� !����"#$�%&��'()*
�+,-.�/0

� �
������	
��
����
T-11T-3� 32�345678
���9:;<

=�> 1�?�/0 T-12@ABCD���@ S. au-

reus ATCC 25923E�FGHMRSA��I��J
K�� LJMN�9:�;<OPQ�RSTU�VW
/0 T-2E T-32@6XJK�� T-32@YA3Z?
[\]W/0

M-HCD���^_�/�@ S. aureus �MRSA

� T-12�VW/0 Q� T-12�9:@JK�� �]
Z�

`�a��bc�9:;<�VW/0 deC
D���@af
26XEEJK�LJMN�@VP
R T-11T-32@�g�Z9:�;<�/0
������	 ST�����
T-11T-32�Oh�RMPIPCi3�VX� j/

klmn!op3� PBP 2��	q�6XMRSA�N
&�/ r> 2s0 PFGE�6PtuvKwx�5��

T-1, T-2, T-32�yz{ !|�GH2��}~@
����\]W/ r� 1s0
j/ ST��3���@ S. aureus 567MRSA

@��3�?�/R� T-11T-32@Oh�i3�
VW/ r> 2s0
���������
S. aureus, S. epidermidis, E. coli, S. Enteritidis, C.

albicans����/������@ T-2, T-3 2�9
:R;<[�/0 B. subtilis�9:���@^_R�
���\]W/0 j/ P. aeruginosa�9:����
^_���� ������!��K� T-2, T-32�^
_R����/ r� 2, > 3s0

HI !����	M-H !��"#� plating

e$ciency

HICD���@Oh��2R��[�/�c��
��9:�;<�/0 T-12@ 10�4� 10�5� 10�6�
�����5��� HICD���^_k,�!c�
500� 238� 26 (CFU/plate)��hM-HCD����
^_k,�!c@ 213� 9� 0 (CFU/plate)���]\
9:��b���� M-HCD���9:@LJMN
�;4�?�/0 T-12�@ HICD��� 238

(CFU/plate)�a��M-HCD���@��9��

> 1 5� �¡ABCD���9:345678
����9:;<=

�	

5� �¡ABCD��1) ���6P^_32)

9:34 r¢£¤L¥[s bYA M-HCD�� deCD��

S. aureus ATCC25923 ¦§¢¤213 mm ¨ © ©
MRSA r�FGHs ¦§¢¤213 mm ¨ © ©

T-1 ¦§¢¤ªJ ¨ «J9:Rbc ©
T-2 ¬¢­"�¤«ªJ ¨ ® ©
T-3 ¬¢­"�¤«ªJ ¬ ® ©

Note: 1) 5� �¡ABCD��@ 35�� 2¯� 5�CO2���/0
2) M-HCD��� deCD��@� 35�� 3¯�°±���/0

> 2 JK9:MRSA�34567 ST��3

�	
 klmn!o
²³= PBP 2�

M-HABCD���6P��3

Oxacillin ST

S. aureus
ATCC25923

© ® S S

MRSA r�FGHs © © R S
T-1 © © R R
T-2 © © R R
T-3 © © R R

Note: S, susceptible; R, resistant
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� 3� (9 CFU/plate)������ 	
����
�
������������� feeding�������
T-2 � T-3 �!M-H"#$%�!���&'(
�)*�� +, 4-�
���� �������	�
��
���
M-H"#$%./0123� T-2 !� 456� 4

57689:;�<=0>�)��?�@A3� +B
3-�
���� ������	���������
T-2 � T-3 ���0CD)EFG
!� 456
�� 10 mg/ml� 4576�� 0.04 mg/ml�����
T-1 0HIJ! T-2 K T-3 �456K457
6�DLM!NIOPQ���� +, 5, 6-� T-2 K
T-3 !R���0SIJ4576TUM�VW� 4
56XY�0Z[\��]^!���_`3��

���� ������M-H���
�����
T-2 !M-Habc�!��3)I�� 456�
�I!4576�Z[3J$d��e��3� +B
4-� HIabc����fMgheij3J� Z[k�
!456 10 mg/ml� 4576 1 mg/ml�lm���
M�n3�� opqeij��e4576G
!�I
OPQ�DL3��

� �
S. aureus !rs"#$%�tW����ue3J
v(�JI�� w��IxyMKz{|}~����

, 3 ����MRSAe���ue��$d0t
���

�$dua
��u

T-2 T-3

S. aureus �� ��
S. epidermidis �� ��
P. aeruginosab �� ��
E. coli �� ��
S. Enteritidis �� ��
B. subtilis ��� ���
C. albicans �� ��

Note: a: u ���0HIJ!�����e�q�
�h

b:�~�����?0HIJ!������
h

B 1 ��u DNA��Qc��~Q������
�~6
DNA� SmaI�� 3� PFGE�¡¢��
M, lladder standard; 1, T-1 ; 2, T-2 ; 3,
T-3 

B 2 T-3 e 4
��u��$d
£¤�¥� S. aureus, ¦� S. epidermidis, §
� E. coli, ¨� P. aeruginosa�n��
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����� ��� ������	
��
�����
��������������� ��	
��
��
�� !"#�$��%�&'�#()�*�� ��
�+ T-1,T-3-.	/01
2��3�� 456
789��� :;�� ��<	
��
������
S. aureus#������=>���*�� �?�� @

A� S. aureus #B�CD� T-1,T-3-�E��
FG(<H�IJK=�&'C� L����.=>�
M-��N�+IJ���.���OP&@P�E�
�IQ��*� M-HRS01
2&TU�+VW�
XY�Z[�CMPIPC:�&'�D#� (\� PBP

2������*�D#?\MRSA�@"&'�D#
��]�*� ^+ PFGE&_�`a�bc�#�@
�de8
���D#?\IfK�OP� variant�
Eg��hi SCVs&'�#jh)��

Clinical and Laboratory Standards Institute

(CLSI: NCCLS) ��kVW�XY�
2#��M-H

01
2�lP��*�10)� M-H01
2<MRSA

mno8�
6
2��3��*MRSA��B-
�� CLSI�pq�+�kVW�XYK&G�*D#
<methicillin-susceptible S. aureus (MSSA)#��
r�()�s��K'�+]tuK��&'�D#K
v��w()�*�11, 12)� T-1-xy� T-2-< T-3

-�M-H01
2��3&G�*�&���z{|
&/}��kVW�XY�&G�*� (\�D)\�
-�M-�MRSAmno8�
6
2�~#���
3��?�+9)D#?\� D)\�-.MSSA#��
P()�s��.��&*��

T-2, T-3-� �!"#M-H01
2&�
��
+��� �3K ]\)+!" S. aureus, S. epider-

midis, E. coli, S. Enteritidis, C. albicans�� T-2� T-

3-����`��!��*�s�����+� B.

subtilis K�!�`�����D#��\)�*�
K� B. subtilis&�3�IQ� ]\)�*"#�H
��!�`��!���s��K'�� P. aeruginosa

�����8��a��3����D#?\�!�`
#�3���`�$���!K'�D#K��()
��

Plating e$ciency�Z[?\�� T-1-�@%�
&'A���&G�Eg#H�Eg�C feeding�
W����&G�EgK����*�s��K��\
)��  ( T-2-# T-3-� feeding&G�Eg�
�^�*D#K��\)�K� D)\�-� � S.

aureus< S. epidermidis #��
�&����)�
�� T-1-� T-2-��#�@�_�`a#jh)�
�&� D�-�*�a���& feeding&G�Eg�
+���*�-#��()��
*�)���.D)\��aE�MRSA� ��
! K�!���3���`��C¡��3��D#
K��\)�� ��hi S. aureus�,¢����A
��-�&�'�K� �£+&"¤�}�!K¥��

* 4 �aE�MRSA�¦��§
2� plating e$ciency


 2
¨©.ªCFU/plate

10�1 10�2 10�3 10�4 10�5 10�6

T-1- HI01 500« 500« 500« 500« 238 26
M-H01 500« 500« 500« 213 9 0

T-2- HI01 500« 500« 500« 500« 216 18
M-H01 0 0 0 0 0 0

T-3- HI01 500« 500« 500« 500« 255 28
M-H01 0 0 0 0 0 0

¬ 3 T-2-�­®
� ­®¯
�°�
±²�³´�µ¶�­®
 (10 mg)� ·´�µ¶
�­®¯
 (10 mg)����
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�����������	
���
��� ���
MRSA������������������� �
 !"#������� ST�$�%�� AIDS&'
( SCVs	)�*�+,��-�./01�23	
4
5%��6713)� ST�$�&',8
9�:;
	6<�=>�?/&'@
AB��
&'C���%��MRSA�DEF
A
GHI

JKL��M(�N�N:O%�� PQR+�ST2
UV�W��X(
5%��<�4, 14)� T-1YT-3M4
Z[	\]�4^� ����2�
�� �
_`KL
��UV�W�a�,8�Pb�4c�<�de�(
������ T2 T-2� T-3M
M-Hfg9h	ij
klGHIJ�m����2� CLSI
GHJT2

GHIJ�nop9h
 ST�q����_	,�1
�C�� A/�r7GHIJ��s<tu�M-Hf
g9h�v��wx��<�10)� yzfg9h� HI

fg9h	
{|}J(v�%��67� ~�+,{
|}J (Difco)
 413 mg/g�GHIJ�noA<�
1�C�� 1���9h	
� 4 mg/ml�GHIJ
�n���<�1�	,�� �T7 T-2, T-3M
GH
IJ�(����2M-Hfg9hA
�
A/,<

(� {|}J�n�9hA
)�ij��1�(��
A/��
��
 STA����(��%����
A/,<
(� SCVs	
 hemmine, menadione, thymidine	
KL���
���M($�
5%��<�3, 5, 7)� G
HIJ�m�� SCVs
GHIJ����A/,<
(� ��C��7�oA�
A/�3, 5, 7)� ���<2
T-1YT3M
 ST������%��<2&'C�
��%�9)� ST��AGHIJKL�ABc2� cys-

tic fibrosis (CF) �&'	6<�GHIJKL� S.

aureus(:O%�� ��&'(���	�2c� ST

�������<2
54B�2, 4)� ��A4 ST	)
��X(�����DEF
MRSA����(
5
��<�(11)� ��	�����,<� �����~
������A
 ST�MRSA��-	��� ¡
¢(,<1�� ¡¢�B�� !"#�-	($�

,<1�� CF&'(�,<1�,8(������
�C� ST
MRSA��-£�¡¢
,<4���
vancomycin (VCM)� teicoplanin, arbekacin��
oAMRSA	��2¤� ���2¥15)� !¦�§
�A
v�%����(B�� ¨© VCM��

ª 5 Thymine���


�M 9�«�
tu (mg/ml)

10 5 2.5 1.25 0.63 0.32 0.16 0.08 0.04 0.02

T-1
24h ¬ ­ ­ ­ ­ ­ ­ ­ ­ ­
48h ¬ ¬ ¬ ¬ ­ ­ ­ ­ ­ ­

T-2
24h ­ ­ ­ ­ ­ ­ ­ ­ ­ ­
48h ¬ ­ ­ ­ ­ ­ ­ ­ ­ ­

T-3
24h ¬ ­ ­ ­ ­ ­ ­ ­ ­ ­
48h ¬ ¬ ­ ­ ­ ­ ­ ­ ­ ­

Note: ¬
ij� ­
®ij

ª 6 Thymidine���


�M 9�«�
tu (mg/ml)

0.32 0.16 0.08 0.04 0.02 0.01 0.005 0.003 0.002 0.001

T-1 24h ¬ ¬ ¬ ¬ ­ ­ ­ ­ ­ ­
48h ¬ ¬ ¬ ¬ ¬ ¬ ­ ­ ­ ­

T-2 24h ¬ ¬ ¬ ¬ ­ ­ ­ ­ ­ ­
48h ¬ ¬ ¬ ¬ ­ ­ ­ ­ ­ ­

T-3 24h ¬ ¬ ¬ ­ ­ ­ ­ ­ ­ ­
48h ¬ ¬ ¬ ¬ ­ ­ ­ ­ ­ ­

Note: ¬
ij� ­
®ij
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MRSA�����������	
���16)� VCM


�������� ST
�������
����
���� �	MRSA����	����
 �
!
�
	" ST�#$%&���	'(� ������
MRSA) SCVs�*+���
������,-.
�/��

T-10T-31
234 SCVs����������
�	'(�5678)9 T-21: T-31
23;<=
>?@A=BC;DE�4F
��/�	"GH*I
:�JKL.MN�OP)/�� �	DE�Q�
MRSA�MSSA�/�F9�
�R�SGH���

��TU���� VWX*IY)9��Z[:\�
���Z[�]^�� ST�#$&���	����
9

234MRSA
 SCVs�*+���,-.�
/�
��_`�� ab�4F
�:SGH�4F2
3;c�de�fg�TU��

� � h�iU�;/	j� klm�kno�p
j��	qrstutv�wtx
yz	
{|;}
~K�F	����

� �
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Properties of Thymidine-Dependent MRSA Strains

Ayako Tanimoto,1) Hiromitsu Fujiwara,1) Yuko Tanaka,1) Sachiko Nakamoto2)

1) Department of Clinical Laboratory, Tottori University Hospital, Yonago 683�8504, Japan
2) Department of Pathological Science and Technology, School of Health Science, Tottori
University, Yonago 683�8503, Japan

Methicillin-resistant Staphylococcus aureus (MRSA) strains isolated from a patient with septicemia at
Tottori University Hospital, Yonago in 1995 formed characteristic colonies of small and irregular size, even
after repeated isolation of these colonies. The colonies were re-isolated and characterized as small colony
variants (SCVs). A minority of the re-isolated T-1 strain population were able to form colonies of irregular
size on Mueller�Hinton (M-H) agar media, while the other strains (T-2 and T-3 strains) were unable to form
such colonies. All strains possessed characteristics typical of S. aureus and MRSA and, moreover, the PFGE
profiles of SmaI-digested DNA of these strains were almost identical. Therefore, although these strains had
di#erent phenotypical properties, they were variants with a clonal relationship. Co-cultivating of the
strains with S. aureus, S. epidermidis, Escherichia coli or Salmonella Enteritidis on M-H agar led to strong
growth and colony formation. These results suggest that the growth of small colony variants (SCVs) of
MRSA can be restored by factors released from other bacteria. A certain fraction of the population of T-1
clones showed a feeding-related growth e#ect in the M-H agar medium, while other T-1 clones did not
respond to feeding, even if they were inoculated at high bacterial density on M-H agar. The clones which
could not form colonies on M-H agar were able to colonize when they were incubated on M-H agar
supplemented with thymine or thymidine. Examination of antimicrobial susceptibility to sulfamethoxa-
zole-trimethoprim (ST) was carried out using M-H agar containing sheep blood. All clones were resistant to
ST. Based on these results, it seems probable that SCVs of MRSA are defective in thymidine synthesis, and
are composed of phenotypes that exhibit instability in proportion to the degree of this defect.

Key words: SCVs, MRSA, co-culture, thymidine

>?01DEF��� Vol. 15 No. 4 2005.

G?H�IJKLMI�NO�IP?Q�G?H�IJKLMI�NO�IP?Q�

8

186


